Introduction
For some years now, ultrasound has taken its place in the daily practice of prenatal care by obstetricians. Initially it was used as a method to assess gestational age and placental localization. Because of improvement of the technical equipment it also became possible to observe fetal behaviour in vivo. Ultrasound created the possibility to evaluate the placental tissue and its structure.
The first echoscopic description in placental tissue is from 1973 [28] : a distinction was made between homogenic and irregular placentae, which contained rounded transonic areas. Later specific changes in placental tissue were observed as pregnancy progressed [6] . A useful grading system (figures 1 and 2) was developed describing these ultrasonic changes of the placenta [8] . Originally the placental grading system was used as method of predicting fetal lung maturity. A 100% correlation [8, 19] was found between a Grade III placenta and a mature Lecithin/Sphingomyelin ratio. When other investigators [2, 5, 10, 13, 21, 24, 25] found Grade III placentae in women, where according to the immature L/S ratio or negative phosphatidylglycerol (PG) no fetal lung maturity could exist, more attention was paid to the possible relation between premature appearance of Grade III changes in placental tissue and intrauterine growth retardation (IUGR). Placentae of newborn infants who are small-for-gestational age (SGA) show more ischemic lesions (fibrin and calcium depositions, infarcts) [1, 3, 26] than those in placentae of neonates who are appropriate for gestational age (AGA). Combined histological, radiological and ultrasound examination of the placenta showed that ultrasonic densities are caused by reticular calcification and fibrinoid degeneration [6, 8, 9, 12, 26] . Therefore one would expect an association between Grade III placentae and IUGR. Several studies pointed out the relation between the occurrence of a 'premature' Grade III and IUGR [6, 8, 9, 18, [20] [21] [22] [23] . Kazzi et al. [14, 15] investigated the predictive value of a Grade III placenta in the growth-retarded fetus. A significant relationship was seen between a Grade III placenta and a SGA infant in a full term high-risk pregnancy group.
In order to study the usefulness of the placental grading by ultrasound, we decided to study this grading versus the outcome of the pregnancy, especially the occurrence of intrauterine growth retardation. Also the effect of smoking on pregnancy was evaluated, in order to investigate the possible relation between smoking and placental grading. 
Material and methods
During September and October 1984, echoscopic observations were made in patients from a minimum of 26 weeks amenorrhoe onwards. These pregnant women were recruited from the outpatient department of Obstetrics of the St. Radboud University Hospital Nijmegen. All pregnant women planned to deliver within our investigation period were included.
The same two observers examined each patient with a Toshiba linear array realtime scanner with a 3.5 MHz transducer. Patients who delivered within one week after examination were taken into this survey (n = 137). An anterior or posterior placental location was noted when more than twothirds of the placental width was seen on the anterior or posterior uterine wall, respectively. The placenta was in a fundal location when in vertical plane one half of the placenta was on the anterior and the other half on the posterior wall of the uterus.
The placenta was ultrasonically graded according to the system described by Grannum et al. [8] , Whenever possible the entire placenta was evaluated. If in two different parts of the placenta two different grades were seen, the most mature part was noted.
Unaware of the given ultrasonic grade, all placentae were macroscopically examined and described within 24 hours post partum in a standardized way. The following grading system was used, presuming that the macroscopic structures are grossly comparable with the ultrasonic structures:
Grade 0: no calcium or fibrinoid depositions were seen and the placental surface was smooth.
Grade 1: some diffuse calcium and fibrinoid deposition.
Grade 2: beginning formation of septa, at the maternal side clear calcium deposition. Grade 3: cotyledons are present, a great number of calcium and flbrinoid deposition at the maternal and fetal sides, with infarcts and 'holes' by sectioning.
The smoking habit of each patient in every trimester was noted. A distinction was made between non-smokers, mild (< 10 cigarettes daily), moderate (10 -20 cigs/day) and heavy smokers (> 20 cigs/day).
In evaluating the relation between a Grade III and IUGR, a neonate was called SGA whose birth weight was less than the tenth birth weight percentile for the Dutch population, when gestational age, infant sex and parity were taken into consideration [16] .
Statistical analysis was performed by means of Student's t, analysis of variance, Spearman rank correlation or X 2 tests. A p of < 0.05 was considered to be significant.
Results
A total of 595 ultrasonic evaluations of 176 patients were made within a period of 8 weeks. Patients seen within one week before delivery were taken into the study; 137 patients entered this survey and 39 patients were excluded due to not yet been delivered (n = 28), the last ultrasonic examination was more than one week prior to delivery (n = 7), ungradable placentae (n = 3) or because of unknown term (n = 1). In these 137 patients 466 examinations were made. The earliest gestational age was 26 weeks, the latest 43 weeks. All patients were seen every time they visited the outpatients department or weekly when they were admitted in the wards. The maximum of examinations performed in one patient was 7.
In 53.3% (73/137) the placenta could entirely be evaluated on ultrasonic examination. In the remaining group not all parts of the placenta could be seen, but enough to be graded. Separate analysis of the two groups showed no statistical differences in the results of this study. Therefore, the 137 subjects were considered as belonging to one group only. Of the 137 patients in our study, 76 (55.5%) had an anterior, 46 (33.6%) a posterior placental location and 14 (10.2%) had a fundal placenta. Placental morphology and placental grading were significantly correlated (Spearman rank correlation coeff. 0.77, p = 0.0001). There was an agreement between placental grading and placental morphology with an accuracy of 80.5% (table I) . In this study population a significant relationship was found between increasing placental grading and gestational age ( figure 3 ). In all five cases of post datism (gestational age > 42 weeks) a Grade III was seen. In 57 cases (41.6%) pregnancy ended with a Grade III placenta; only five before 37 weeks of gestational age and five times after 42 weeks. Thus the incidence of Grade III placenta at term was 34% (47/137).
Comparing the Grade III placenta group with the non-Grade III placenta group, no significant association could be found in the prevalence of children who were small-for-gestational age (table II) . Thus no predictive value was present for a Grade III placenta and a subsequent SGA-delivery. However, three out of five cases before 35 weeks of pregnancy with a Grade III placenta showed an IUGR.
Placental grading and smoking. There were 134 pregnancies with known smoking habits in every trimester. Data on birth weight, placental weight and placental ratio (placental weight/birth weight) are given in table III. The sample showed 44% smokers. The mean birth weight decreased significantly the more they smoked (p = 0.03), but there was no significant difference among the mean placental weights and placental ratio. In comparing the placental ratios, a trend could be detected (p = 0.06) that as the amount of smoking increased, the placental ratio increased as well.
The effect of smoking on birth weight may be complicated by differences in age, parity, sex and gestational age between the three smoking groups. Regarding both gestational age and maternal age there was no difference between these three groups. To eliminate the effects of sex and parity on birth weight, the effect of smoking or not smoking on the birth weight percentile was evaluated (table IV) . If the pregnant woman smoked then the birth weight percentile decreased significantly (p = 0.0008).
No relation was found between the effect of smoking on placental grading (table V) (Spearman rank correlation coefficient 0.007; p = 0.93). pared to other studies (15% [8] , 20% [11] ), could be related to the strict criteria kept in this study for the determination of the placental grade according to Grannum [7] . In spite of those criteria, placental grading still remains a subjective interpretation of an echoscopic picture; accurate instruction and interpretation is necessary.
Post partum examination of the placentae correlated well with the ultrasound grading, so the ultrasonic image is likely to be the in vivo representation of the placenta.
Much value has been attributed to the ultrasound assessment of the biophysical profile to improve the quality of perinatal care [17] . As an extra item Vintzileos et al. [27] added the placental grading to the biophysical profile. Key finding in our survey is that ultrasonic determination of a Grade III placenta at term is not helpful in predicting IUGR. However, one may suggest that the premature occurrence of Grade III placenta might predict IUGR.
There have been many reports on the effect of smoking in pregnant women, proving that smoking causes growth retardation of the fetus. We can confirm this observation. The relation between smoking and placental weight is more controversial. Christianson [4] found a striking higher prevalence of calcification and subchorionic fibrin deposits in the placentae of smokers as compared to non-smokers. The placentae of smokers were also heavier. These and other observations suggest that in placentae of smokers an acceleration exists of the normal aging process of the placenta. As increasing placental grading represents the normal maturation process of the placenta, a relation was expected between the amount of cigarette consumption and placental grading. This couldn't be confirmed, may be due to the small number of heavy smokers.
Discussion
In this prospective study the placental grade was correlated with the outcome of pregnancy in order to determine its usefulness for predicting IUGR. Previous reports were concentrated upon high risk patients. In this survey an unselected high and low risk population was investigated. Changes in placental tissue increased clearly as pregnancy progressed and 42% (57/137) of the placentae reached Grade III. The discrepancy in the incidence of Grade III at term (34%), com-
Summary
In a prospective study the usefulness of placental grading in detecting IUGR has been evaluated. Those who were echoscopically examined within one week before delivery were taken into the study (n = 137). Changes in placental tissue increased clearly as pregnancy progressed and in 42% (57/137) the placentae reached Grade III. Increasing placental grading is associated with normal maturation of the placenta. Post partum examination of the placenta correlated well with the echoscopic picture (accuracy = 80.5%). No relationship was found in an unselected group between Grade III and IUGR at term.
When a Grade III placenta was first seen before 36 weeks, in three out of five cases a growth retarded neonate was born. The effects of maternal smoking habits during pregnancy on birth weight and placenta were examined. There were no significant differences in mean placental weight, placental ratio and placental grading as the amount of cigarettes increased. The mean birth weight and birth weight percentile decreased significantly when the mother smoked more than 10 cigarettes per day.
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